We present a formalism for calculating higher order instanton ef-
In this paper, we wish to present a formalism for calculating higher order corrections to the DGA. At the same time, we solve two problems of more immediate concern; the difficulties with the definition of the single instanton vector propagator 3 and the apparent appearance of an unexpected linear term in the quantum corrections to the static quark potential.4
The outline of this work is as follows.
In Section II, we present a general approach for approximating the full quantum theory by the contributions of fluctuations about a set of classical field configurations.
We then specialize to the instanton gas in Section III, and show how prop- 
may now be expressed as7 However, in the same spirit that leads one to consider non-perturbative exponentially small effects in the first place, we will-not immediately discard the higher order density corrections since they may, in fact, numerically dominate the perturbative corrections for some processes of interest.
In effect, we treat the quantum coupling g and the density -e -l/g as the two parameters of a double series expansion.
We have seen how any correlation function of interest may be construtted from the density n Z and sector n-point functions 6 . . .A >".
These objects are in turn computed from the determinants and propagators in the chosen background field. We would now like to examine how these quantities for a multiinstanton field may be expressed in terms of the basic single instanton quantities involved.
We first note the following relations:
ifjfk i#j ,- (5) !JV is the Abelian part of F(I):
tion (22e) follows from judiciously integrating by parts and is quoted -c, from C. Bernard, ref.
2.
Next, we discuss the multiple scattering formalism for fermions.
This material
has been largely covered previously; however, we will briefly review it here since it furnishes the simplest example of the approach.
Consider the fermion propagator in a multiinstanton field, 
This expression may either be verified directly, or else easily derived by formally expanding S1 in terms of single instanton field insertions on free propagators, and then resumming the insertion of an individual
Similarly, the determinant of (b(A') + m) may be expanded as9 Next, for the scalars, we must consider 
-16-Similarly, the determinant det -D2(A1) may be expanded as
Finally the vectors may be handled in much the same way as the h scalars since the quadratic operator&l contains both single instanton and biinstanton terms.
Here we have
i#j and exactly the same expansions as in the scalar case are valid if we replace the scalar quantities no, os' , and Vs' by the corresponding vector and @= 
l/D4 is thus given by 
and similarly 
fi is a large distance cutoff needed to regulate the convolution. Thus the BCCL propagator in this limit is given by (we set <'= 1 for simplicity) GBCCL = vv,reg -4 I.lVUB 
3
To compute the behavior of the improved propagator in this limit, we need only consider the first two terms of (33) Unfortunately, K may not be easily evaluated analytically; however, one easily sees that K -l/x2 as x + m . 
The indicated terms comprise the first corrections to the DGA evaluation of the multiinstanton determinants.
As mentioned previously, the evaluation of these loops is complicated by the need for regularization and renormalization. We will not attempt a complete calculation of these effects, but will merely try to find the dependence of the interaction on the instanton separations.
We begin with the scalar terms. We would now like to apply the same type of estimates used previously to the above trace. Explicitly, we must consider 
So, the first order correction to the DGA Jacobian is given by
and we wish to estimate the size of the difference (J -Jo).
Since Jo is diagonal in instanton number, only the diagonal elements of (J -Jo) contribute to the trace. This correction is given by
These terms are easily seen to be of order l/d4. (The apparent l/d3 contribution from near region (i) vanishes due to the spherical symmetry after A(j) -nPd/d4 is factored out.) 1-I This agrees with the previous partial considerations of C. Bernard. 2b
Thus we see that, except for the previously known logarithmic inStanton-antiinstanton interaction caused by massless fermions, 1 all corrections to the classical dipolar interaction (50) are of order p4/d4.
No other interactions of longer range than the dipole force are found.
VI. HEAVY QUARK POTENTIAL
Consider the computation of quantum corrections to the potential be--. -~' tween-static, heavy quarks. We wish to examine the calculation for two reasons: first, to illustrate some of our formalism in a specific example and, second, to show explicitly that the long range limit of the heavy quark potential is, at least through O(g2), just a finitely renormalized Coulomb law.
As is well known, the static limit of the quark potential is obtained Applying (18) We have taken the liberty of replacing the T's appearing in the fermion propagators by ~0 ; U always approaches its limiting form rapidly enough for this change to be irrelevant.
We again are concerned with multiinstanton configurations, and for simplicity, we restrict the discussion to the case of SU (2) Consider now the higher order contributions. In the vacuum sector, U=l,<li>=O and we can use the free gluon propagator It is again clear that this term will be exponentiated by multi-instanton configurations.
Our finalexpression is then (b) . 
